Exhibit E 



lilllllllllllMlilll 

US005694951A 

United States Patent im cm Patent Number: 5,694,951 
Bonutti [45] Date of Patent: Dec. 9, 1997 



176] Inventor: Peter M. Bonutti. 1 Lamkin PL, 
Watson, HI. 62473 

[21] Appl. No.: 695,274 

[22] Filed: Aug. 9, 1996 

Related U.S. Application Data 

[62] Division of Ser. No. 353,494, Dec. 9, 1994, Pat No. 
5,577,517, which is a division of See. No. 134,914, Oct. 12, 
1993, Pat. No. 5,403317, which is a division of Set No. 
545,908, Jud. 28, 1990, PaL No. 5,269,785. 



[51] Int. Cl. tf . 
E52J U.S. a. „, 
[58] Field of Search .. 



A61B 19/00 

. 128/898; 606780 
,. 606/53, 79, 80, 



606/54, 99; 623/11, 16, 17, 66; 128/898, 



References Cited 
U.S. PATENT DOCUMENTS 



2,526,662 


10/1950 


Hlpps «t at. . 


2,621,145 


12/1952 




3,554,192 


1/1971 




4,142517 


3/1979 


Slavropoulos el al. 


4,265,231 


5/19S1 


Scbeller, Jr. «t al. . 


4,466,429 


8/1984 


Loscher el al. . 


4,472,840 


9/1984 


Jefferies . 


4,541,423 


9/1985 


Barber. 


4,589.414 


5/1986 


Yoshida et al. . 


4,603,694 


8/1986 




4,649,918 


3/1987 


Pegg el al. . 


4,678,470 


7/1987 


Nashef et al. . 


4,681,106 


7/1987 


Keusey etal. . 


4,751,922 


6/1988 


DePietropolo . 


4,798,213 


1/1989 


Doppelt. 


4,832.683 


5/1989 


Idemoto et al. . 


4,844,064 


7/1989 


Thimseoet al. . 



4,857,045 8/1989 RyeWl . 

4,950,296 8/1990 Mclntyre. 

4,994,067 2/1991 Summers . 

5,171,244 12/1992 Caspari et al. . 

5^04,106 4/1993 Schepers et al. . 

5269,785 12/1993 Bonntti . 

52*4,655 2/1994 Bogdansky . 

5298254 3/1994 Prewett et al. . 

5,403217 4/1995 Bonutti 

5.577,517 11/1996 Bonutti 



FOREIGN PATENT DOCUMENTS 

0192576 8/1986 European Pal. Off. . 
2344267 11/1977 France. 
3707787 9/1988 Germany . 

Primary Examiner— Glenn K. Dawson 

Attorney Agent, or Firm— TarolU, Sundheira, Covell, 

Tummlno & Szabo 



[57] 



ABSTRACT 



A percutaneous tissue removal apparatus Includes a flexible 
drill shaft, a cutting tip mounted on the shaft for placement 
adjacent a tissue mass for cutting the tissue, a mechanism for 
transmitting motion to the shaft to move the cutting tip 
against the tissue to cut tissue fragments from the tissue, and 
structure for removing the tissue fragments along the shaft 
by suction to a location outside the tissue mass while cutting. 
The apparatus may include structure for collecting one or 
more selected components of Ihe harvested tissue fragments 
for implantation of the fragments preferably Into the body of 
the patient from whom they were removed. Where the tissue 
to be cut is bone, a cutting tip is preferably made of a 
polymeric material which is softer than the cortical portion 
of the bone, although the cutting tip may be made of a 
ceramic or a composite material. A second flexible shaft may 
be provided either within or about the flexible drill shaft. The 
harvested tissue fragments may be implanted in (he donor 
patient's body. 
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angles, rather than only being able to go in a straight line, to 
reach any desired location, and to avoid vital tissue which 
would otherwise be In the cutting path. For example, when 
This application is a divisional of U.S. patent application removing unwanted tissue Inside a knee joint the drill shaft 
Ser. No. 08/353,494, filed on Dec. 9, 1994, now U.S. Pat J can deform, and is therefore less likely to damage normal 
No. 5,577,517. The aforementioned application Ser. No. tissue or Joint surfaces. None of these functions is possible 
08/353,494 is itself a divisional of U.S. application Ser. No. with a straight line system. 
08/134,914, filed Oct. 12. 1993 (now U.S. Pat No. 5,403, „ m _ 

317. The aforementioned application Ser. No. 08/134,914 GENERAL DESCRIPTION OF THE INVENTION 

filed Oct. 12, 1993 is itself a divisional of U.S. application to The present invention is a percutaneous tissue removal 
Ser. No. 07/545,908 filed Jun. 28, 1990 (now U.S. Pat No. device and method. In the preferred embodiments described 
5,269,785). The benefit of the earlier filing date of the below, the apparatus and method are illustrated as used for 
aforementioned application Ser. No. 08/353.494; 08/134, removal of bone tissue, but such description is for Ulustra- 
914 and 07/545,908 is hereby claimed. tive purposes only. The invention is not limited to the 

15 removal of bone tissue and may be used for removal of 
BACKGROUND OF THE INVENTION callage, muscle, fetal tissue, etc. It may be used to break up 

1 Technical Field an<1 remove; kidney stones, in the gall bladder for a stone or 

Tfiepresentinventionrelatestothefieldoftissueremoval t^^L'TZ^Jl 

~- „ ... , u . „_ » tumor, etc. It can reach spaces not currently available with 

and tissue grafting. More particularly the present invention M & , h ^ currently available, 

relates to an apparatus and method for the percutaneous =>"<uK"i »y»«au» umcuuy avmuiuic. 

cutting and removal of selected portions of tissue from a * percutaneous tissue removal apparatus in accordance 
patient and the possible harvesting and implantation of the * e P" 5 ?^ a y*»* 0 * ,nd . ude j a , llexlble ^ *J 

tissue portion in the donor. insertion inside a tissue. A cutting tip is mounted on the drill 

» , . futu shaft for cutting ihe tissue. Eimer rotating motion or recip- 

2. Description of the Prior Art 25 rocaUng motlon ls ttansmitted , 0 me ^ snaft to move ^ 

There are various known methods and apparatus for the cutting tip against the tissue to cut tissue fragments from the 
cutting and removal of tissue fragments from a human. Each tissue. While cutting, the tissue fragments are removed by 
of these, however, suffers from one or more deficiencies. suction to a location outside the body. The drill shaft and 
U,S, Pat No. 4,832,683 shows an instrument for ultra- cutting tip are small enough to be usable percutaneously. 
sonic cutting of bones, with irrigation or suction. However, 30 They may also be used for endoscopic, arthroscopic or 
there Is no suction while cutting, no removal of the cut bone fiberoptic or open surgery. 

or tissue, and no flexibility in the instrument. Because the drill shaft is flexible, the surgeon can guide 

U.S. Pat 4,265,231 shows apparatus for drilling a curved the cutting tip into various locations within the tissue from 
hole having a flexible shaft confined in a rigid tubular 3J one percutaneous incision. The surgeon can cut around arcs 
sheath, but which shows no removal of cut bone or tissue. or angles, rather than only being able to go in a straight line, 
U.S. Pat No. 4,541 ,423 shows apparatus for drilling a t0 reach M y desired location, and to avoid vital tissue which 
curved hole having a flexible shaft confined in a semi-rigid would otherwise be in the cutting path. The flexible drill 
tubular sheath, but which shows no removal of cut bone or shaf « 8150 «How» the surgeon when working inside a bone, 
tissue. w for example, to keep the cutting tip away from the harder 

itQ tw xr„ a -at>A\A „ ,.,™i„„i t„,»„, outer cortical bone and to remove only the softer inner 

removal of cut bone or tissue and do flexibility In the cuxrent straight toe cutnng devices 
instrument. Ihe drill shaft may be made of metal, of polymeric 

tic d.I w„ AaviAQA .*,™„c „ ,^..i„„ .-I,™ i„ 45 material to reduce friction, or of a composite material 

^^^i^^^l^^A^A Hxt4Dsivc use * P 0 *™* i" the drill shaft/its housing if 

shaver with suction, but which is not flexible and which has ... , Z ' ... t , „„. , r 

no removal of cut bone or tissue. provltled. and the cu tmg tip area reduces friction 

uu icmuvai m i.m uuuc ui umuc. substantially, thus requiring less energy and generating less 

U.S. Pat. 4,75 1 ,922 shows a flexible medullary reamer hcat wlthm ^ tissue. The drill shaft is drivable by hand (for 

with a plastic shaft and a guide rod, but which has no suction improved feel) or by motor, at variable speeds based on the 

and no removal of the cut bone or tissue. w Deed for ^ tj ssue removed, 

U.S, Pat. Nos. 4,798,213, 4,649.918, and 4,142,517 show Xo ^u,. for me collection of the tissue fragments to be 

various apparatus for bone coring. harvested, tbe removal apparatus has an axially extending 

<!itmmady np thb twrmttom suction passage along the drill shaft through which the tissue 

SUMMARY OF THB INVENTION J3 fag^^ ^ remov&d . The suction passage has a smooth 

The present invention is a percutaneous tissue removal lining to keep the tissue fragments or graft material con- 
apparatus Including a flexible drill shaft and means for tained and to reduce friction of the harvested tissue frag- 
transmitting motion to the shaft A cutting tip is mounted on meats. This lining may be the inside diameter of the flexible 
the shaft to cut tissue fragments from the tissue. The tissue drill shaft itself, or may be a separate liner sleeve which can 
fragments are removed by suction along the flexible drill <o *» removed and disposed of when it becomes unsanitary or 
shaft to a location outside the body while cutting. One or clogged, without having to remove the drill shaft and cutting 
more selected components of the removed tissue fragments tip. Alternatively, if a separate guide sleeve or guide rod is 
may be collected for Implantation, preferably into the body used the suction passage may be formed between the drill 
of the patient from whom they were removed. Because the shaft and the guide sleeve or guide rod. In such a case, the 
drill shaft is flexible, the surgeon can guide the cutting tip 65 drill shafts may be solid rather than hollow, 
into various locations within the tissue from a small The cutting tip is made of a material which is harder than 
(percutaneous) incision. The surgeon can cut around arcs or the material to be cut The cutting tip may be slightly larger 
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in diameter than the drill shaft. The cutting tip may be made guidance In percutaneous surgery. The harvested tissue 

of a polymeric material or a composite material. fragments may be packed or compressed Into a plug of tissue 

Alternatively, the cutting tip may be made of a ceramic graft material, of a specific shape, with or without blood or 

material. The cutting tip is separable from the drill shaft, and fibrin for adhesion. Or, a retaining material such as a 

several different cutting tips may be provided in varying s biodegradable mesh may be used to hold the graft material 

hardnesses, so that the surgeon can selectively remove together as a unit The graft material and its retaining 

various portions of tissue as desired material are then inserted at the graft location in the bone. 

By virtue of its flexibility, the flexible drill shaft, when Alternatively, the graft material Is inserted and then scaled 

removing bone tissue, may stay within the cortical confines 1° place with a mass of formable polymeric material Inserted 

of the bone, Alternatively, it may work with a guide device to over the graft material to hold the graft together in position, 

to control the location of the cutting tip within the bone, The A method of percutaneous tissue removal in accordance 

guide means may be a guide rod extending within the with the present invention includes the steps of placing 

flexible drill shaft, or a hollow guide sleeve outside the within a tissue mass a flexible drill shaft having mounted 

flexible drill shaft. The guide rod or guide sleeve may be thereon a cutting tip for cutting the tissue; transmitting 

rigid in a particular shape, to fit a particular application; or " motion to the drill shaft to move the cutting tip against the 

It may be bendablc into a particular shape which it will hold; tissue to cut tissue fragments from the tis sue; and removing 

or it may be selectively rigidiflable Into a particular shape in the tissue fragments by suction to a location outside the 

situ. The guide means may include structure for positioning tissue mass while cutting the tissue. The method may further 

the tip of the flexible drill shaft. The guide means may also include the step of controlling the location of the cutting tip 

be inserted into a separate flexible tube system to guide it to 20 within the tissue with a guide rod, the step of collecting one 

a specific location, then removed, allowing the flexible drill or more selected components of the harvested tissue 

to be Inserted. fragments, and/or the step of implanting the fragments into 

Fluid may be injected through the flexible drill shaft to a ^ body of the patient from whom they were removed. 

location adjacent the cutting tip to increase the efficiency of „, _ 

the tissue removal and to limit thermal necrosis. 25 BRIEF DESCRIPTION OF THE DRAWINGS 

Alternatively, a fluid injection passage may extend axially Further features of the present invention will become 

along the flexible drill shaft, the drill shaft. Alternatively, apparent to those skilled in the art to which the present 

fluid may be injected through the suction passage, alternat- invention relates from reading the following specification 

log With the suction. The fluid Injection may be constant or with reference to the accompanying drawings, in which; 

JL^tf h ^ TT Iff i0j ^' S U !f "O- 1 ,s a schcmatJc of * rem °val system in 

ccntrlfuglng of the harvested material may be performed. aceord4nce with me prescnt invcntion and iuc f u(Ullg a 

Means for collecting one or more selected components of flexible drill- 

tobm^^ty^w}^**™*** no. 2 is a schematic view of a hand-powered flexible 

filter connected to d» outlet of the suction passage. }J ^ for use fa ^ ^ rf raQ v 

Removed tissue may be centrifuged to separate Us compo- „„ _ , . , , , . „ . „ 

nents. Thus, the tissue fragments are not merely removed „ H ^ I is ^^hematic view of a pcrton of a hollow 

from the body and may be harvested for implantation of the flcsible ^ shaft for flexible driU ! 

fragments, preferably into the body of the patient from WO. 4 is a schematic view similar to FIG. 3 and showing 

whom they were removed. In order to maintain the sterility ^ a « uidc rod insJde * e hollow flexible drive shaft; 

of the tissue removed, the entire suction apparatus including FIG, 5 illustrates a portion of a flexible drill including a 

the suction passage and the trap or filter Is sterilized, and, if hollow flexible Inner cutting shaft within a flexible outer 

necessary, is disposable. sleeve and a suction passage between the two shafts; 

With the present Invention all work is done by going FIG, 6 Is a view similar to FIG. 5 with a suction passage 

percutaneously through the skin to a specific tissue area to 45 within the Inner shaft; 

minimize the damage to skin, muscle, and bone. For fig, 7 illustrates a portion of a flexible drill including a 

example, when removing bone tissue, trauma is limited to a solid flexible inner cutting shaft within a flexible outer 

small opening in the hard outer structural cortical bone, s i WV e and a suction passage between the two shafts; 

limiting postoperative bleeding from the bone which Is nG g iH. ustrates a of a flexib [ e drfjj including a 

difficult to stop, becau se the small operative hole can easily » solld f orma ble inner guide rod within a flexible outer cutting 

be plugged after the grafting procedure Is completed, pre- sleeve ani a sucUon passage between; 

venting postoperative bleeding into soft tissue. There is only mr 0 i„„. w „ J™*™ „r , fl „ih lo H riu wi„hi„,, „ 

in*aoss 7 sbl f <ung^ ^IS^^^^^SS^l 

pain, are likely to arise. The operation does not create stress „, A *_ L „, 

risers which would weaken the bone. Thus, the present 35 
invention provides a safe and efficient way to collect and 
reuse a patient's own tissue. 

Human tissue grafting works best using the patient's own ™> 11 ; *J ,u f»«" a of a ™ c «11 Including a 

tissue as donor material Therefore, mchaWsteTtissuc may so f fl , e)dble lnner shaft w ' tfun a soUd formable 

be implanted in the donor's own body for grafting. To to 0,1161 sIeeve and a sut * ton betw « n ! 

implant one or more selected components of harvested bone WG. 12 illustrates a portion of a flexible drill including a 

fragments, for example, a cannula is inserted through the restively flexible portion between two relatively rigid por- 

skin and muscle to the area of the bone where the graft is to lions; 

be placed. A drill or curette is then used to remove a portion FIG. 13 illustrates the use of a liner sleeve in a suction 

of the outer cortical bone. A curette or probe is inserted 65 passage; 

through the cannula to clear out the area where the graft is FIG. 14 is a view illustrating a number of different cutting 

to be placed, either in open surgery or through X-ray tips usable with the flexible drill; 
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FIGS. IS and 16 are schematic views illustrating the 
provision of a plurality of separately inflatable bladders as a 
guide mechanism for a flexible structure and the operation of 
a guidance system for locating the tip of the flexible struc- 
ture; ; 

FIGS, 17A and I7B are schematic views Illustrating the 
forming of harvested tissue fragments Into a compressed 
plug suitable for implantation; 

FIG. 18 is a schematic view illustrating the implantation 
of harvested bone fragments using a polymeric mesh as a 11 
retainer; and 

FIGS. 19A and 19B are schematic views illustrating the 
implantation of harvested tissue fragments using a formable 
polymeric sealant as a retainer. y 

DESCRIPTION OF PREFERRED 



The present Invention is described herein with reference 
to a percutaneous bone removal and harvesting apparatus 20 
and method. It should be understood that the present inven- 
tion is not limited to the removal of bone tissue, but is useful 
in the removal of any hard or soft tissue In the body such as 
excess, unwanted, or tumorous tissue or tissue used for 
reimplantation or grating. 2S 

A percutaneous bone removal apparatus 10 (FIG. 1) in 
accordance with the present invention includes a flexible 
drill 12. The flexible drill 12 has a flexible shaft 14 and a 
cutting tip 16 at the distal end of the shaft 14. The proximal 
end of the flexible shaft 14 is connected by a housing 18 to 30 
a motor or other power source 20 to provide rotational 
motion or reciprocating motion in a manner known in the 
art Alternatively, the drill 12 may have an angled drive, such 
as 90° drive or any angle, with the motor drive connected at 
an angle to the longitudinal extent of the suction and cutting 



then the flexible drill is inserted over the guide rod 42 and 
guided to the location from which tissue is to be harvested. 

FIG. 5 illustrates an erttbodiment of a flexible drill having 
an outer sleeve 44 circumscribing a flexible drill shaft 41, 
The flexible outer sleeve 44 may be formed of a metal or 
composite material or may be formed of a polymeric mate- 
rial which may be the same as or different from the material 
of the flexible inner cutting shaft 31. The outer sleeve 44 is 
fixed (non-moving) to minimize tissue damage. A suction 
passage 46 is defined between the outer surface of the 
flexible inner shaft 31 to which the cutting tip is attached, 
and the inner surface of the flexible outer sleeve 44. 
Alternatively, as shown in FIG. 6, a suction passage 48 may 
be defined within the flexible inner cutting shaft 50. In this 
case, the outer surface of the flexible inner shaft SO is 
preferably, as illustrated in FIG, 6. in close proximity to the 
inner surface of the outer sleeve 44 to increase stability. The 
use of polymeric materials for both the inner shaft SO and the 
outer sleeve 44 provides for reduced friction between the 
sleeve 44 and the shaft 50 for ease of operation and reduced 



Control means indicated schematically at 21 may include 
one or more switches or valves to turn on or off the suction, 
irrigation, and motor drive. Control A fluid injection source 
22 is connected by a fluid injection line 24 to the housing 18 
of the flexible drill 12. A suction source 26 acts through a 
trap or filter or strainer 28 and a suction line 3* to provide 
suction capabilities for the flexible drill 12. 

FIG, 2 illustrates a flexible drill 12a in which the housing 45 
18a is connected to a hand controller 20a, The hand con- 
troller 20a allows the surgeon to operate the flexible drill 
Via by hand, imparting either rotational or reciprocating 
movement to the flexible shaft 14a and cutting tip 16a. 

FIG. 3 illustrates a portion of a basic version of a flexible 50 
drill having a cutting tip 16 mou nted on a flexible drive shaft 
31. The drive shaft 31 has an outer surface 32 and an inner 
surface 34 defining a longitudinally extending suction pas- 
sage 36. The cutting tip 16 has a cutting edge 40 and an 
opening 38 through which tissue fragments cut by the 55 
cutting lip 16 may be aspirated The tissue fragments are 
drawn through the suction passage 36 in the flexible drive 
shaft 31 and thence into the suction line 30 (FIG. 1) for 
collection in the trap or filter or strainer 28. 

FIG. 4 illustrates the use of a pre-inserted guide rod 42 (o 
with a flexible drill of the present Invention. The guide rod 
42 extends through the suction passage 36 of the flexible 
drive shaft 31. The guide rod 42 may be any suitable 
structure including a K-wire or other known device, The 
cutting Bp 16 may have a centrally located opening in its 65 
distal end to allow insertion of the flexible drill over the 
guide rod 42. The guide rod 42 is first placed In the body, 



FIG. 7 illustrates an alternate embodiment of the appara- 
tus of FIG. 5 in which the flexible inner cutting shaft 52 is 
formed as a solid shaft rather than a hollow shaft. The 
harvested tissue fragments travel through the suction pas- 
sage 46 between the inner shaft 52 and the outer sleeve 44. 

FIG. 8 illustrates apparatus similar to FIG. 7 in which a 
fixed (non-moving) inner shaft 54 is made of a solid, 
formable, material and the cutting tip is mounted on a 
flexible rotating outer sleeve 56. Suction is drawn through a 
suction passage 58 between the shaft 54 and the sleeve 56. 
The Inner shaft 54 is made from a semi-rigid material which 
is bendable to a desired curvature, at the use site, to select 
the curvature of the hole to be drilled, and which is rigid 
enough to retain that curvature in use while the drill shaft 56 
rotates around it. Such material is disclosed in U.S, Pat. No, 
4,541,423, the disclosure of which is incorporated herein by 
reference. 

FIGS. 9, 10 and 11 illustrate embodiments of the flexible 
drill of the present invention in which a flexible inner cutting 
shaft, which may be hollow or solid, is disposed within a 
non-moving formable outer sleeve, The formable outer 
sleeve 60 is made of a semi-rigid bendable shape retaining 
material as described above with reference to FIG. 8. In FIG, 
9, a hollow flexible inner cutting shaft 62 is disposed within 
the outer sleeve 60 and defines therebetween a suction 
passage 64. In FIG. 10, a hollow flexible inner cutting shaft 
66 is disposed in close proximity to and within the outer 
sleeve 60, with a suction passage 68 formed within the 
flexible inner cutting shaft 66. In FIG. 11. a solid flexible 
inner cutting shaft 70 is disposed within the outer sleeve 60, 
defining therebetween a suction passage 72. 

FIG. 12 illustrates a portion of a flexible drill shaft 80 in 
accordance with the present invention in which a pair of 
relatively rigid drill portions 82 and 84 are joined by a 
relatively flexible drill portion 86. The relatively rigid drill 
portion 82 includes an outer sleeve 88, an inner shaft 90, and 
a suction passage 92 therebetween. The relatively rigid drill 
portion 84 includes an outer sleeve 94 like the outer sleeve 
88, an Inner shaft 96 like the inner shaft 90, and a suction 
passage 98 therebetween. The drill portion 86 includes a 
relatively flexible inner shaft portion 100 disposed within a 
relatively flexible outer sleeve portion 102, defining ther- 
ebetween a suction passage 104. The relatively flexible inner 
shaft portion 100 connects the relatively rigid inner shaft 
portions 90 and 96. The relatively flexible outer sleeve 
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portion 112 connects the relatively rigid outer sleeve por- fixed edge. In such a case, the apparatus may be advanta- 

tions 88 and 94. The suction passage 104 in the relatively geously configured with one shaft being metal and the other 

flexible drill shaft portion 86 connects the suction passages polymeric, to minimise friction and heat buildup. 

92 and 98. Either the inner shaft or the outer sleeve of the FIGS, IS and 16 illustrate an alternate guidance system 

flexible drill 80 may have a cutting tip mounted thereon. 5 for positioning a flexible drill shaft ISO and its associated 

Thus, with a flexible drill shaft made in this manner, it is not cutting tip. Disposed within the sleeve ISO is a guidance 

necessary that the entire drill shaft be made of flexible mechanism 152 Including a plurality of inflatable elements 

materials, but rather "joints" such as are formed by the spaced serially. The inflatable elements, when inflated, 

relatively flexible portion 86 may be placed along the ngidify and become straight, while when in the deflated 

longitudinal extent of areiatively rigid drill shaft as desired. 10 condition are sof t and flexible and may be curved or 

urr ii ni„ch..f»c h™, , AUm^uu ,. ii bent - T^ 8 - as seen in ma - 1S - both the Inflatable elements 

FIG 13 Illustrates how a dispo able single-use liner designated ^ „ d me mM e!ements 156 Mt clnved 

leeve U0 may be used k i « , flexible driU ! of die presen ^ £ a 16i ^ Matablc clenwnts 154 havc rf idffied ^ 

invention. The liner sleeve 110 shown in FIG. 13 is located straightened, while the inflatable elements 156 remain in 

within an outer sleeve 112 and is shown about a guide rod their curved position. The inflatable elements may also be 

or guide wire 114. Suction Is drawn through a passage 116 « accordion shaped, expanding in length as they are Inflated, 

within the liner sleeve 110. The disposable single-use liner The mechanism 152 may be augmented with a known cable 

sleeve 110 provides an absolutely sterile environment guidance system, 

through which harvested tissue fragments may pass. The By selectively and individually controlling the rigldifica- 

inner surface 118 of the liner sleeve 110 is extremely smooth tion of any or all of the inflatable elements of the mechanism 

in order to facilitate passage of the harvested tissue frag- 20 152, the inflatable mechanism 152 and Its associated outer 

ments therethrough. It should be understood that a liner sleeve 150 may be selectively formed into almost any 

sleeve like the liner sleeve 110 may be used with any desired shape or position. Suitable control and valving 

suitable flexible drill shaft configuration in accordance with apparatus is provided for controlling the inflation of the 

the present invention, and not merely with the configuration inflatable elements. Such apparatus may be, when only a few 

shown in FIG, 13. 15 elements are present, a simple mechanical valving appara- 

FIG. 14 illustrates several different cutting tips which may «""■ Wh » morc el 5 mcnts »f ff?' 01 mMe sc P Usticatc<1 

»« »^h,H in . i,„™,n m.n^r^ . fl^M- Lti Jhlfttn or complex control thereof is desired, a microprocessor may 

be attached In a known manner to a flexible drill shaft in te ^ , 0 ft lnflation of ^ ^ s > 

accordance with the present invention. The technology for fnflation and ^ ^ te u$edi „» M Um £ b 

the cumng tfps Is not specific to the present invention, but maMling va i v ing, serve both functions. In such case, the 

rather the cutting tips may be designed in accordance with M control signaIs my ^ raultlplexed down o, e strU cture via 

known principles. electric wire, optical fiber, or radio control, for example. 

The cutting tip 120 (FIG. 14) has a cutting edge 122 at At the distal end of the mechanism 152 Is a tip guidance 

least partially defining an opening 123 through which sue- mechanism 160 including a plurality of inflatable members 

tion is drawn. The cutting tip 124 includes a plurality of 3J 162. The inflatable members 162 when in a deflated condl- 

cutting edges 124 defining a plurality of suction openings tion are flexible and relatively straight. When inflated, as 

128 disposed along the outer circumferential portion of the shown in FIG. 16, the members 162 assume a preformed 

cutting tip 124. The cutting tip 130 Is similar to the cutting shape which may be curved or straight and which is ilius- 

tip 124 but includes cutting edges 126a and suction openings lrated herein as a curved shape, bending radially outwardly 

I28o which extend to the end of the cutting tip 130. „ to ca 8 a « e ^ surface of adjacent tissue 164 and curve the 

Furthermore, the cutting tip 130 is blunt rather than sharp, to end of the device into an appropriate position. The members 

avoid perforation of tissue, such as bones. 162 ™Jf »* constructed, using known principles, to assume 

_ ... , ... . , , . any desired sbape. By controlling the posih oning of one or 

The cutting Up 132 has a spiral cutting edge 134 defining more of the elements 162, the tip portion 168of the guidance 

a spiral suction opening 136. The cutting tip 138 has at least mechanism 152 may be selectively placed in any position 

one longitudinally extending cutting edge 140 at least par- 45 relative to the tissue 164, thus positioning the end of the 

tially defining a longitudinally extending suction opening sleeve 150. The air bladder guidance system as described 

142. The cutting tip 143 is formed as a burr with fluted may be used In conjunction with a flexible tube separate 

cutting edges 144 and suction openings 145, and is espe- from the flexible drill shaft, order to guide the flexible tube 

dally suited for shaving operations such as removal of bone to a specific location and position it there, thereafter reraov- 

spurs, etc The cutting tip 146 has twin cutting edges 147 and 30 ing the guidance system and allowing a flexible drill to be 

148 and a suction opening 149. The cutting edges 157 and inserted. 

148 can be configured with the leading edge to grab the Means for collecting one or more selected components of 
tissue and the trailing edge to cut the tissue. th e harvested tissue fragments Includes a mechanism 28 
The configuration of a cutting tip for use in accordance (FIG. 1) which may be a known trap or filter connected to 
with the present Invention Is a design choice within the skill 55 the outlet of the suction passage 30. Removed tissue may 
of the art. The goals to be met are proper cutting and suction also be centrifuged if necessary or desired, keeping the 
capabilities, controllability and shape so as to avoid components such as bone, cells, and blood and discarding 
unwanted damage to areas of tissue not to be cut. For fluid These components and connections, and their uses, are 
example, when removing the softer cancellous portion of well known in the art and thus are not described herein in 
bone, the cutting tip may be made of a material which is «o greater detail. The harvested tissue fragments are not merely 
harder than the cancellous material of the bone but softer removed from the body of the patient, but are also collected 
than the cortical portion of the bone to avoid damage thereto. in the structure 28 and thus harvested or saved for later 
Metal may be useful, and suitable polymers are also readily implantation of the fragments, preferably into the body of 
available. Ceramic materials and composites are also suit- the patient from whom they were removed. Such harvesting 
able. Also, the cutting tip may be arranged as a rotating 65 and implantation are desirable because human tissue graft- 
flexible shaft within a fixed flexible outer shaft, with a log works best using the patient's own tissue as donor 
cutting edge on the rotating shaft to cut tissue off against the material. 
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In preparing the harvested graft material for implantation, preferable in that it allows the surgeon to form in situ a 

the tissue fragments alone are spun or compressed (see KG. custom shaped sealant plug to seal the opening in the tissue 

17) to form them into the desired shape. When the tissue is graft area, which wlli eventually resorb as new tissue grows 

harvested, blood and blood clots are often drawn along with into place. 

the tissue fragments. The blood component fibrin is a sticky 5 The apparatus may include, as noted above, fluid injection 

clotting component, and can be used to aid in holding the means 22 and 24 for Injecting fluid through the flexible drill 

tissue fragments together for implantation. Thus, the blood «° a location adjacent the cutting tip to aid in cutting and 

can be separated from the tissue fragments and then spun to "™v£ of the harvested tis sue fragments. For example, in 

separate the fibrin for use with the tissue fragments. «he drill shaft stiiicture ^lUuititted in FIG. S,Smdj^ybe 

Alternatively, the entire mass of tissue fragments and blood io %&* d * ,ma ** S ^TZ<^LT^i^ P 

— as. m tt,» — .„ j « flexible inner cutting shaft 31, while suction is drawn in the 

,s compressed into a specific shape to form the mass into a , * fa ^ suc(Ion 46 

specific, appropriate shape for implantation into the body. Amatively, ^ sucUon te intermittently discontinued 

The surgeon can also place other substances into the graft an d may be injected through the suction passage, 

material to be implanted, such as other tissue graft material, alternating with the suction. The fluid injection may be 

collagen, antibiotics, or ceramic hydroxyapatite or trical- 13 constant or it may be pulsatile in nature, 

cium phosphate to aid in bone ingrowth. In such a case, The present invention thus provides a method of percu- 

when the blood or fibrin is used also, the graft has the taneous tissue removal which includes the steps of placing 

adhesive qualities of the blood or fibrin and the biological adjacent to a tissue mass a flexible drill shaft 14 having 

properties of the bone (or other) tissue, along with the mounted thereon a cutting tip 16 for cutting the tissue; 

appropriate medical properties of any other material 10 transmitting motion to the drill shaft 14 to move the cutting 

included. tip 16 against the tissue to cut tissue fragments from the 

Harvested tissue fragments before implantation are pref- ™ d ™Hwing the tissue fragments by suction to a 

w-ahlv n^Ved or conformed into a olue of tissue craft location outside me tissue mass while cutting the tissue. The 

<1 HiT f; TTIu. ZLZ< i!*^T. may delude "« step of controlling the 

material. Alternatively the tissue fragments may be left in a ' ^ ^ ^ 

more loose state, or only certain selected cells, components. » ra£chanJsnii ^ step VcoUecring one or more selected 

or tissue fragments are used. Any suitable means ; of packing nents of ^ harwstc<1 tiuut fragments, and/or the 

FIG. 17. 4-e|ed£ue pieces 17* are : placebo a 

size.Umvantcd fiuid drains out through one or more fluid fi " p S "m ^^Ti^^L^,^^^ 

outlets 178, while the graft, cells, fibrin, and blood clot wllhin . th . e ff of «* m lntended t0 by * C 

tissues remain within the form 172. ^ ap f*J m . CtaInl5 ' 

To implant one or more selected components of the j A of harvesting and utilizing a patient's body 

harvested tissue fragments, for example in grafting bone dssue< saW ^mpising the steps of removing tissue 

tissue onto a bone, a cannula 180 is Inserted through theskro ^ g tet locitiost ta a parent's body, transporting the 

182 and muscle 184 to the area of the bone 186 where the UssU6 removed hom me fo st location in the patient's body 

graft is to be placed. A curette or probe is then inserted ^ t0 a collection location, said step of transporting the tissue 

through the cannula 182 to clear out the area 188 where the femoved bom ^ ^ location in the patient's body 

graft is to be placed. includes moving the tissue under the influence of suction. 

The harvested tissue fragments are compacted or com- sa j<j step of moving the tissue under the influence of suction 
pressed into a plug 190 of tissue graft material, A retaining includes moving the tissue removed from the first location In 
material such as a known biodegradable or other polymeric 4J the patient's body under the influence of a flow of fluid 
mesh 192 is then u sed to hold the graft material 190 together conducted to the collection location, said step of transport- 
as a unit. The retaining material may also be a sac of ing the tissue removed from the first location in the patient's 
biodegradable material used to hold the graft material. The body to a collection location further includes removing the 
sac can be closed by a clamp or by crimping or heat sealing. tissue from the flow of fluid at the collection location, and 
The graft material 190 and its retaining material 192 are then so thereafter, transferring the tissue removed from the first 
inserted into the graft area of the bone. The cannula 180 may location In the patient's body from the collection location to 
then be removed. Alternatively, the tissue graft material may a second location in the patient's body, said step of trans- 
be held in place by a mass of biodegradable or other ferring the tissue removed from the first location in the 
polymeric material used as a sealant for the opening In the patient's body from the collection location to a second 
bone 186, The graft material can be compressed or spun into ss location in the patient's body includes compacting the tissue 
a specific shape. Thus, if an implant is needed to fit a specific removed from the first location in the patient's body and 
shape of bone defect, the graft material can be formed in the removing fluid from the tissue. 

shape needed and packed directly into the bone gap. % A method as set forth in claim 1 wherein said step of 

The bone graft material may also be implanted in the compacting the tissue removed from the first location in the 

loose condition as described above. The bone graft material «o patient's body Includes applying force against the tissue by 

194, if loose, can be inserted through a funnel 196 and a centrlfiiging the tissue. 

sleeve 198 located within the cannula 180, to the area 188 3. A method as set forth In claim 1 wherein said step of 

to be grafted. It Is then packed in place as desired using a compacting the tissue removed from the first location in the 

suitable instrument Next, an injector 200 is used to inject a patient's body includes compressing the tissue to form a 

mass of flowabie biodegradable or other polymeric material 65 mass having a desired configuration. 

202 for use as a sealant to seal the bone graft material 194 4. A method of harvesting and utilizing a patient's body 

in position. The use of a flowabie biodegradable material is tissue, said method comprising the steps of removing tissue 
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from a first location In a patient's body, transporting the 7. A method of harvesting and utilizing a patient's body 

tissue removed from the first location in the patient's body tissue, said method comprising the steps of removing tissue 

to a collection location, said step of transporting the tissue from a first location in a patient's body, moving a flow of 

removed from the first location in the patient's body fluid and body tissue from the first location in (he patient's 

includes moving the tissue under the influence of suction, s body 10 * collection location, removing the body tissue from 

and thereafter, transferring the tissue removed from the first toe flow of fluid at the collection location, subjecting the 

location in the patient's body from the collection location to tissue removed from the flow of fluid to pressure, and 

a second location in the patient's body, said step of trans- thereafter, moving Hie body tissueremoved from the flow of 

ferring the tissue removed from the first location in the flu i d *° a second location in the patient's body, 

patient's body from the collection location to a second 10 „ »■ A meftcJ of harvesting and utmdng a rodent s b<>dy 

location in the patient's body includes packing the tissue ""ue.sald method comprising the steps of cutting pieces of 

into an opening at the second location in ti,e patient's body, ^sue from ^a first location in a patient's body, utilking 

said step of transferring the tissue removed from the Artf ^ctionto e^a flow of fiuidand cut^of body tissue 

location in the patient's body from the collection location to At locat T^ °!f s rem °* ng , j 0 ™ 

a second location in the patient's body further includes J5 °f P leoes ^ y J MM,e fi ft w of fl " id a " d 

compacting the tissue removed from .he first location In the < a ? r , m P^ of [1 body tissue ' ^T*^' P ^?l ^ 

patient's body andremoving the fluid from the tissue prior ^'P^^body tissue removed from the flow of fluid and 

to performance of said step of packing the tissue into an f„ ,eces , f sue lMo *" openin8 at 8 second location la 

opening at the second location in the patient's body. VT J! j -u - , ■ . u • 

5. A method as set forth in claim 4 wherein said step of » J. as se <r t *^ h f clam 8 wh « cui saW * te P °{ 
compacting the tissue removed from the first location uT the I 7"*! °: ^ ^ ™ 
patient's body includes applying force against the tissue by fluW m * other cut pieces of body ^Mueinto an opening at 
centrifuglng the tissue a second location in a patient's body includes pressing the 

6. A method as set forth In claim 4 wherein said step of ^P 1 ' 0 " °, f body tis^e removed from the flow of fluid and 
compacting the tissueremoved from the first location inUte * t'lJoXl^S^^Sf £ £2? 
patient's body includes compressing the tissue to form a t,ssue di * owd at the second location ^ the P atient s ^ 
mass having a desired configuration. * * ♦ * * 
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